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Abstract—Strip helix antennas offer better performance at wide 
bandwidth and more compact in size than conventional helix 
antennas. However, strip helix antennas have a relatively low gain 
compared to conventional helix antennas. In this paper, a strip 
helix antenna with 2.4 GHz frequency was designed, simulated, 
fabricated, and measured. This strip helix antenna was added with 
several parasitic rings, and its ground plane size was reduced to 
increase the gain value and its performance. The best simulation 
results according to the desired parameters were with return loss 
< -10 dB of -10.366 dB, VSWR < 2 of 1.8702, and directional 
radiation pattern of 66.5° beamwidth angle. However, the gain did 
not match with the desired parameters > 12 dB with the result of 
8.9612 dB. Measured results showed that the helix strip antenna 
has a return loss of -10.37 dB and VSWR of 1.870. The parasitic 
rings addition can increase the strip helix antenna gain of 0.0201 
dB and improves performances of return loss, VSWR, and 
bandwidth. Despite that, the ground plane size reduction actually 
decreases the gain value. 
 
Keyword—Helix Strip Antenna, Parasitic Ring, Ground Plane, 
Gain. 
I. INTRODUCTION 
Telecommunications is a technique for delivering 
information from one place to another. One technique for 
delivering information is through a wireless network called 
wireless telecommunications. Wireless telecommunications 
allow for more comfortable use compared to the use of cable 
telecommunications networks [1]. Some wireless 
telecommunication applications are satellite communication, 
radar, internet, radio, telemetry, and microwave transmissions 
[2]. 
Nowadays, wireless telecommunication application is used 
relatively extensively in the Unmanned Aerial Vehicle (UAV) 
as in the video transceiver device, i.e., First Person View (FPV). 
An FPV works using microwave signals with frequency bands 
at 2.4 GHz and 5.8 GHz. This frequency is the recommended 
standard for video signal transmission [3]. Hence, a helix 
antenna is one of the antenna types suitable to be applied to 
FPV devices. 
Conventional axial mode helix wire antennas are known to 
be an antenna type with an excellent circular polarization 
performance [4]. It has a directional radiation pattern and 
circularly polarized waves when the helix circumference is 
greater than its wavelength [5]-[7]. However, this helix antenna 
is not compact when applied to mobile devices such as FPV 
because its size is too large and wide. Some studies have been 
carried out to overcome this helix antenna size issue, such as 
the use of parasitic circular rings [8], the merging of helix 
antennas with patches [9], conical strip helix antennas [10], 1, 
1 turn vertical strip helix antennas [11], and horizontal strip 
helix antennas with the addition of parasitic patches [12]. 
In a study that has been carried out [12], the designed 1.5 
GHz helix antennas have the widest bandwidth compared to 
other studies [10], [11], [13]-[18]. This helix antenna size was 
also more compact than other antennas. However, the antenna 
in that study still used a wide ground plane. The produced gain 
was still small, which was 9.4 dB, smaller than the gain in other 
studies, which were 12.5 dB, and 13 dB [9]. Therefore, an 
increase is still needed so that the produced gain is more 
significant with a more compact size. 
This paper discussed the design of a 2.4 GHz strip helix 
antenna. The utilized antenna type is the same as the antenna 
designed in the previous study, i.e., the strip helix antenna with 
parasitic patch addition [12]. The utilization of parasitic 
elements is a well-known technique that can increase the gain 
value on an antenna [8], [19]-[21]. In addition, it has been 
proven that the ground plane size reduction is able to increase 
the gain value on the helix antenna [5]. Hence, in this strip helix 
antenna design, parasitic elements such as parasitic rings [8] 
and ground plane sizes [5] were added, so that a 2.4 GHz strip 
helix antenna was expected to be produced with a compact size, 
wide bandwidth and high gain. 
II. ANTENNA DESIGN PROCEDURES 
The main parameter in designing an antenna is the antenna 
frequency. This strip helix antenna design used 2.4 GHz 
frequency with a frequency range of 2.0-2.8 GHz. Other 
parameters in this antenna design were bandwidth, return loss, 
VSWR, and radiation pattern. Table I shows the target of 
antenna parameter specification to achieve, with parameters of 
VSWR < 2 and return loss < -10 as the recommended references 
standard for good antenna results. 
The antenna design started with a basic calculation based on 
the main parameters, i.e., the working frequency, to determine 
the helix antenna dimensions. From the working frequency, the 





where  𝜆 was the wavelength (m), c was the speed of light in a 
vacuum (3 × 108 m/s), and f was the frequency (Hz). 
From (1) a 125 mm λ was produced. This designed helix 
antenna had an axial mode. In achieving the mode, a 
circumference (C) of a λ = 125 mm helix antenna was made. 
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Then, the helix radius (R) of 20 mm could be obtained using 
(2). 
 𝐶 = 2𝜋𝑅. (2) 
The angle (α) used for this helix antenna was 5°; it referred 
to the previous study [12]. From this angle, the distance of a 
10.9 mm helix turns (S) could be seen using (3). 
 𝑆 = 𝐶 tanα. (3) 
The calculation results were implemented using CST Studio 
Suite software. An optimal design result was obtained from 
several simulation scenarios including simulation 1 in the form 
of strip width variations, simulation 2 in the form of turn 
number variation, simulation 3 in the form of parasitic patch 
radius variation, simulation 4 in the form of parasitic ring radius 
variation, and simulation 5 in the form of parasitic ring number 
variation. The size of the ground plane width (G) used was 
0.68λ, smaller than the previous research design, which was 
with G of 0.78λ [12]. 
Variations in the utilized strip width were 4 mm, 6 mm, 8 
mm and 10 mm. The helix radius (R) was calculated from the 
helix’s midpoint to the strip width’s midpoint (w). Next, a 
simulation was carried out with several turns’ variation, i.e., 
1.5; 2; 2.5; 3; 3.5; and 4 turns. The simulation started from 1,5 
turns because according to previous research, the strip helix 
antenna cannot produce circular polarization with only 1 turn 
[11]. Results of the best size from the previous two simulations 
were used as size references for the next simulations. 
The next simulation was a patch addition with parasitic patch 
radius size variations (r), i.e., 18 mm, 17 mm, 16 mm, 15 mm, 
and 14 mm. The size represented 90%, 85%, 80%, 75%, and 
70% of the helix radius. The patch was placed on a strip helix 
loop with a distance (h2) of 0.5 mm. Then, a parasitic ring with 
various parasitic ring radius (R1) was added, i.e., 15 mm, 14 
mm, 13 mm, and 12 mm. Simulation of parasitic ring radius 
variations was administered to obtain the highest gain value 
after the addition of the parasitic rings, so as to be able to 
compare the gain between strip helix antenna with and without 
parasitic ring addition. The parasitic ring was placed on the 
substrate with a distance (h1) of 5.45 mm or S/2, where S was 
a distance of 1 helix loop. After that, the number of parasitic 
rings was varied with 1, 2, 3, and 4 parasitic rings to find out 
the best gain by still noticing other antenna parameters. 
Fig. 1 shows the geometry of the designed antenna. This strip 
helix antenna was wrapped to the left direction to produce Left 
Hand Circular Polarization (LHCP). The ground plane used in 
this study was made of copper with a substrate layer in the form 
of FR-4 epoxy, helix strips and parasitic patches made of 
copper plates with a 0.2 mm thickness, and parasitic rings made 
of copper wire with a 2 mm cross-section diameter. A Printed 
TABLE I 
DESIRED PARAMETERS 
Parameters Value Unit 
Frequency 2.0-2.8 GHz 
VSWR < 2  
Return loss ≤ -10 dB 
Radiation pattern Directional  





 (b) (c) 
Fig. 1 Geometry of proposed helix strip antenna with parasitic rings addition and ground plane reduction, (a) side view, (b) perspective view, (c) top view. 
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Circuit Board (PCB) material was used for the ground plane 
and substrate layers to ease the fabrication process. 
III. RESULT AND DISCUSSIONS 
This section analyzes the best antenna design results through 
simulation without parasitic rings addition, simulation results 
after parasitic rings addition, and antenna prototype test results. 
The observed parameters were return loss, VSWR, gain, 
bandwidth, and radiation patterns. 
The performed simulations, simulation 1 to simulation 3, 
produced the best parameter in the strip helix antenna without 
the parasitic rings’ addition. The generated return loss was 
10.169 dB with a bandwidth of 135.7 MHz. The generated gain 
was 8.9411 dB; the generated VSWR was 1.8991 with a 
directional radiation pattern. These results indicate that the 
simulation results are in line with the desired parameters. 
However, the gain value still does not reach the desired 
parameter, which is supposed to be > 12 dB. 
The parasitic rings addition was performed from simulations 
4 and 5. Simulations performed on a helix strip antenna with 
the parasitic ring addition generated a return loss value of -
10.366 dB with a bandwidth of 431.9 MHz, as shown in Fig 2. 
The Fig. 3 shows the VSWR result of 1.8702, and Fig. 4 shows 
the generated gain of 8.9612 dB. The radiation pattern shows 
that a directional pattern is formed with a beamwidth angle of 
66.5°, as shown in Fig. 5. It shows that the parasitic ring 
 
Fig. 2 Return loss and bandwidth. 
 
Fig. 3 VSWR.  
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addition in the strip helix antenna can increase the return loss, 
bandwidth, gain, and VSWR values.  
The bandwidth generated from the helix strip antenna with 
parasitic rings addition has increased by 296.2 MHz compared 
without the parasitic rings’ addition. Furthermore, the gain 
generated from strip helix antenna with parasitic ring addition 
increased by 0.0201 dB This is consistent with previous 
research which states that the parasitic ring addition can 
increase the gain value on the helix antenna [8]. This study has 
proven that parasitic rings addition can also increase the gain 
value in the strip helix antenna. Furthermore, the addition of the 
parasitic rings can also increase bandwidth and other antenna 
parameters to a higher degree. 
A simulation on ground plane size reduction was also 
performed in this paper. The ground plane reduction variation 
was performed by testing the antenna with a ground plane of 
0.78λ and 0.68λ. In previous studies, ground plane reduction 
was able to increase the gain value on conventional helix 
antennas [5]. However, the ground plane size reduction on the 
strip helix antenna actually reduces the gain value. A helix strip 
antenna with a ground plane size of 0.78λ generates a gain of 
9,134 dB and an antenna with a ground plane of 0.68λ results 
in a gain of 8.9611 dB. Nevertheless, with a smaller ground 
plane size, the other generated parameters are better. 
The simulation results were used as a reference in making 
the strip helix antenna prototype with parasitic rings addition. 
The best antenna dimensions based on the simulation results are 
shown in Table II. Results of strip helix antenna fabrication 
with parasitic rings addition and ground plane reduction are 
shown in Fig. 6. 
The prototype fabrication results were then tested using a 
network analyzer. The test was administered to find out the 
parameter values generated by the strip helix antenna prototype 
including the return loss and VSWR results. The return loss and 
VSWR tests values were -10.37 dB, and 1.870, respectively. 
The return loss test results are shown in Fig. 7 and the VSWR 
test results are in Fig. 8. 
 
Fig. 5 Radiation pattern. 
 TABLE II 
THE BEST ANTENNA DIMENSION FROM SIMULATION RESULTS 
Dimension Value 
Helix strip width 4 mm 
Number of turns 2.5 turns 
Patch radius 15 mm 
Parasitic ring radius 14 mm 
Number of parasitic rings 3 pieces 
  
 
Fig. 6 Prototype of proposed strip helix antenna. 
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Fig. 7 Return loss. 
 
Fig. 8 VSWR. 
TABLE III 









[9] 0.36λ0×0.36λ0 2.65λ0 19% 13 
[11] 0.40λ0×0.40λ0 0.52λ0 77% 7.5 
[12] 0.43λ0×0.43λ0 0.25λ0 56% 9.4 
[8] 0.32λ0×0.32λ0 1.5λ0 15% 12.5 
Proposed 0.35λ0×0.35λ0 0.23λ0 18% 8.9 
There is a slight difference between return loss and VSWR 
resulted from prototype testing and simulation results. This is 
likely to occur because of additional losses obtained from the 
SMA connector, coaxial cable, and alignment error at the time 
of measurement. 
Table III shows the comparison of performances between the 
proposed antennas and previous studies. The antenna 
dimensions shown by the area and height in Table III are 
measured from the antenna dimensions where λ0 is the 
wavelength in a vacuum. The antenna proposed in this paper 
has smaller dimensions compared to the previous study [11]; 
even so, it is able to produce a higher gain of 1.4 dB. In addition, 
although helix antennas with parasitic rings in other studies 
have higher gain, the antenna sizes are six times higher [8] and 
11.5 times higher [9], while the generated bandwidths are 
smaller than the proposed antenna [8], [9]. In this paper, the 
proposed strip helix antenna’s dimensions are also smaller 
compared to the research result in [12]. Hence, it indicates that 
the proposed strip helix antenna has more compact results. 
IV. CONCLUSION 
The parasitic rings addition could increase gain on the strip 
helix antenna by 0.0201 dB. Furthermore, this addition was also 
able to increase the return loss from -10.169 to -10.366 dB, 
VSWR from 1.8991 to 1.8702, and bandwidth from 135.7 MHz 
to 431.9 MHz. On the other hand, the ground plane size-
reduction decreased the gain instead. 
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